The rp process is a strong candidate for the origin of p nuclides, which are stable neutron-deficient nuclides that cannot be produced by the rapid or slow neutron capture processes (r or s processes). In particular, the large abundances of p nuclides such as 92, 94 Mo, 96, 98 Ru cannot be explained apart from the rp process [2] . The rp process starts when a breakout occurs from the hot CNO cycle via the 18 Ne(,p) 21 Na and 15 O(,) 19 Ne reactions. It produces nuclei up to A 110 [3] . To determine the reaction path and mechanism of the rp process, it is highly desirable to experimentally measure the (,p), (p,), and (n,p) reaction rates. This paper describes recent experimental studies of Coulomb dissociation of 36 Ca and 27 P for investigating the 35 K(p,) 36 Ca and 26 Si(p,) 27 P reactions [4] , proton elastic scattering of 26 Si for the 26 Si(p,) 27 P reaction [5] , and direct measurements of the 18 Ne(,p) 21 Na reaction using a helium active target. The  width of the first 2 + resonance state of 36 Ca may be larger than the proton width. Indeed, this state was found by a -ray measurement [6] . estimating the flow of the rp process because it is the dominant breakout reaction from the hot CNO cycle to the rp process, as mentioned above. The Coulomb dissociation method is a powerful tool for studying (p,) reactions. To deduce the A(p,)B reaction cross section by this method, the cross section of the dissociation of B into A and proton in the Coulomb field of a high-Z target is measured as a function of the relative kinetic energy. Since this dissociation processes can be regarded as the absorption of a virtual photon, the dissociation cross section can be converted to the B(,p)A reaction cross section. The B(,p)A reaction is directly related to the A(p,)B reaction. This method has the following advantages; (i) the Coulomb dissociation cross section is larger than the proton capture cross section; (ii) it does not require radioactive targets; (iii) thicker targets can be used; (iv) it is expected to have a high detection efficiency due to high-energy charged-particle measurements. We have used the Coulomb dissociation method to study several reactions. 26 S p) reactions were studied. The reaction products were measured by silicon detector telescopes and a plastic scintillator hodoscope. The silicon detectors in the first and second layers in the telescope had 5-mm-pitch strip electrodes to measure the position at which the products striked. Since protons penetrated the telescope, their kinetic energies were obtained by measuring the time of flight (TOF) between the target and the hodoscope. An array of NaI(Tl) scintillation counters was placed around the target to measure deexcitation  rays.
Figure 1(a) shows the  energy spectrum after Doppler-shift correction when both the incident particle and the reaction product were identified as 36 Ca. A peak is observed at 3.02 (6) MeV, which corresponds to the  line of the transition; it was reported to be located at 3.015 (16) and 3.036 (11) MeV by Doornenbal et al. [6] and Bürger et al. [9] , respectively. The solid curve represents the best fit by the detector response obtained by a Monte Carlo simulation using GEANT3 [10] and an exponential background. The p-35 K coincidence yields are plotted in Fig. 1(b) as a function of the excitation energy of 36 Ca calculated from the angles and momenta of 35 K and protons.
The spectrum can be fit with two peaks: one corresponds to the 3.0 MeV  peak, while the other one is located at about 4 MeV. The fits give a peak energy of 4.3 MeV for the higher-energy peak. where is the reduced mass in atomic mass units, is the stellar temperature in GK, and is the resonance energy. The resonance strength is defined as where , , and are the spins of the ground states of the incident particles, and target nuclei, and the resonance state of the compound nuclei, respectively. Figure 2 shows the temperature dependence of the reaction rate via the resonance state. The solid and dot-dashed curves represent the calculated reaction rates based on the present results and theoretical predictions by Herndl et al. [14] virtual photons, respectively. Since the E2 virtual photon flux is three orders of magnitude greater than the M1 flux at this incident energy, Coulomb dissociation will be sensitive only to the E2 component, which is expected to be 20 times smaller than the M1 component for the (p,) cross section for the first excited state. By fitting experimental data with the detector responses calculated by Monte Carlo simulations, the Coulomb dissociation cross sections for the 1.18, 1.67, and 2.23 MeV states were respectively deduced to be 17.5 (32), 29.8 (53), and 12.6 (31) mb, resulting in (E2) being 6.5 (13) , 6.0 (11) , and 1.10 (27) MeV, respectively. The M1 component of of the 1.18-MeV state is evaluated by the shell model to be MeV, which leads the total being MeV. The reaction rates of the 26 Si(p,) 27 P reaction at GK are obtained using the present results. They are slightly lower than previous estimates by Caggiano et al. [15] and Guo et al. [16] ; this is mainly due to the smaller value of the first excited state in 27 P.
Proton elastic scattering of 26 Si
An alternative study of the 26 Si(p,) 27 P reaction was performed using the it can be used to perform higher-resolution measurements of proton elastic scattering. Two parallel-plate avalanche counters (PPACs) were used to measure the position of the incident beam. The incident 26 Si beam bombarded a thick hydrogen gas target at 330 Torr, which was housed in a 300-mm-radius semi-cylindrical container. The beam particles continuously lose their energy mainly due to hydrogen atoms ionizing and stopped in the gas target. Elastically scattered protons penetrate the target and are detected by a E-E telescope placed 400 mm downstream of the entrance of the target at °.
The telescope consisted of a 75-m-thick double-sided position-sensitive silicon detector (PSD) and two 1.5-mm-thick silicon detectors (SSDs), which both have an area of 50 50 mm 2 . The recoil protons passed through the PSD and were stopped in the first SSD. The second SSD was used as a veto counter to eliminate high-energy protons generated upstream of the gas target. The [5] . These resonance states were not observed in the Coulomb dissociation study mentioned above. Thus, proton elastic scattering and Coulomb dissociation studies provide complementary information to each other.
Direct measurement of the 18 Ne(,p) reaction
To study (,p) reactions relevant to the rp process by the direct method, a helium active target using a multiple sampling and tracking proportional chamber with a gas electron multiplier (GEM -MSTPC) was developed. Three dimensional trajectories and energy loss in helium gas was measured using many readout pads with a "backgammon" geometry with a pitch of 4 mm. The 18 Ne(.p) 21 Na reaction was studied using the helium active target. A 18 Ne beam was produced by the 3 He( 16 O, 18 Ne) reaction and separated by CRIB.
Two PPACs were used to measure the position of the incident beam. The helium active target was irradiated by the beam. The beam and reaction products were measured by the active target and silicon detectors surrounding the active target. The detection efficiency of heavy charged particles was about 98% and the deposited energy resolution was 8% in for each pad. The reaction position could be determined with resolution in full width of 4 mm. The position resolutions in the horizontal and vertical directions were respectively 2 and 0.1 mm in , resulting in a scattering angle resolution of better than 5° in 
